The work is concerned with the crystal and molecular structures of zinc(II) and mercury(II) complexes with 4-acetyl-3-amino-5-methyl--pyrazole (aamp) of the coordination formulae [Zn(NCS) 2 (aamp) 2 ] and (Haamp) 2 [Hg(SCN) 4 ]. The zinc(II) complex was obtained by the reaction of a warm methanolic solution of aamp with a mixture of zinc(II) nitrate and ammonium thiocyanate, whereas the mercury(II) complex was prepared by the reaction of a warm ethanolic solution of aamp and a warm, slightly acidified aqueous solution of [Hg(SCN) 4 ] 2-. Both complexes have a tetrahedral geometry, which in the case of zinc complex is formed by monodentate coordination of two aamp molecules and two isothiocyanate groups. The Zn(II) and Hg(II) atoms have significantly deformed coordination geometry. In both crystal structures the pyrazole derivative has a planar form, probably stabilized by an intramolecular N-H⋅⋅⋅O hydrogen bond. Apart from the X-ray structural analysis, the isolated complexes were characterized by elemental analysis, IR spectroscopy, conductometric measurements and thermal analysis.
INTRODUCTION
The focus of our research on transition metal complexes with pyrazole derivatives is due to the theoretical and practical significance of these compounds. A number of pyrazole derivatives show biological activity and, as a consequence, some are commercial products or compounds in the phase of activity evaluation. Their representatives show antipyretic, 1 antirheumatic 2 and antimicrobial 3 be-havior. Some of them are active ingredients of products with potential antitumor activity. [4] [5] [6] In agriculture, they are in the use as pesticides. [7] [8] [9] As pyrazoles readily form complexes, they are suitable agents for investigating the active sites of biomolecules 10 and for modeling the biosystems of oxygen transfer. 11 In living organisms, metal ions are usually bonded to the imidazole part of hystidine, which is a part of the proteins. In view of the similarity of pyrazole and imidazole, 12 they are suitable to mimic enzymatic reactions. From all the interesting pyrazole derivatives, our most intensive research is focused on the complexes of 4-acetyl-3-amino-5-methylpyrazole (aamp). This ligand exhibits outstanding complexing ability and, simultaneously, it displays considerable biological activity. 13 The usual coordination mode of the aamp ligand is through its N2 (pyridine) nitrogen atom giving bis(aamp) complexes of the general formula M(aamp) 2 X 2 . 14 In basic solutions, via the deprotonated N1 atom, it acts as a bidentate bridging ligand giving bi-or polynuclear complexes. 15 In a previous publications, the synthesis and structure of tetrahedral Zn (II) Elemental analysis data were obtained by standard methods. FT-IR data were collected at room temperature as KBr pellets, in the range 4000-400 cm -1 using a Thermo Nicolet (NEXUS 670 FT-IR) spectrophotometer.
Molar conductivities of freshly prepared 1.0 mmol dm -3 solutions were measured on a Jenway 4010 conductivity meter.
X-Ray experiments and crystal structure determination
Single-crystal X-ray diffraction data for (Haamp) 2 2 ] was selected and glued on glass fiber. X-Ray diffraction data were collected on an Oxford Diffraction Gemini S four-circle diffractometer equipped with a Sapphire CCD detector. The crystal to detector distance of 45.0 mm and graphite monochromated MoKα (λ = 0.71073 Å) were used. X-Radiation were employed in the measurement. The data were reduced using the Oxford Diffraction program CrysAlis Pro . 23 A semi-empirical absorption correction based upon the intensities of equivalent reflections was applied, and the data were corrected for Lorentz, polarization, and background effects. 23 Crystallographic data are given in Table I .
Both structures were solved by heavy atom 24 and difference Fourier methods and refined on F 2 by the full-matrix least-squares method. 24 All H atoms were placed at the calculated positions and they were refined with isotropic displacement parameters set to 1.2 times (1.5 for methyl groups) the equivalent isotropic U value of the parent atom. The software used to prepare the material for publication: PARST 25 and WinGX. 21 Molecular graphics: ORTEPIII. 26 Crystallographic details are given in Table I .
Thermal analysis
Thermal measurements were performed on a Q600 SDT TA Instruments thermal analyzer. Simultaneous TG-DTA curves were obtained using alumina crucibles with sample masses of about 2 mg with an empty crucible serving as the reference. The heating rate was 20 °C min -1 in flowing nitrogen and air gas carriers. Flow rate: 100 cm 3 min -1 .
RESULTS AND DISCUSSION

Synthesis and selected physicochemical properties of the compounds
Single crystals of the Zn(II) complex were obtained by the reaction of warm, dilute methanolic solutions of the aamp ligand and a mixture of Zn(NO 3 )·6H 2 O and NH 4 NCS in a mole ratio of 1:0.5:1.2.
The Hg(II) complex resulted from the reaction of warm ethanolic solution of the ligand and a warm, slightly acidic aqueous solution of Hg(SCN) 2 2 ], in the same way as for the zinc(II) complex, was unsuccessful, as it resulted in the crystallization of the free ligand.
Both crystals were stable at room temperature. They were slightly soluble in water, EtOH and MeOH, but well soluble in DMF. The molar conductivity data of the colorless solutions of the Zn(II) and Hg(II) complexes, Λ M , in DMF were 32 and 114 S cm 2 mol -1 , respectively. The value of the molar conductivity of [Zn(NCS) 2 (aamp) 2 ] was somewhat larger than that for the non-electrolytes, which refers to the partial replacement of the NCS group with solvent molecules. The value of Λ M of the (Haamp) 2 [Hg(SCN) 4 ] complex is in agreement with its coordination formula and corresponds to a 2:1 electrolyte type. 27 In the IR spectra of the complexes, the thiocyanato group is identified by its very intensive bands, which appear at 2064 and 2082 cm -1 (Zn-NCS) and 2099 and 2123 cm -1 (Hg-SCN). The position of these bands agrees very well with the coordination mode of the corresponding group. 28 
Molecular and crystal structures
Structure of (Haamp) 2 [Hg (SCN) 4 ]. The structure of the (Haamp) 2 [Hg(SCN) 4 ] complex is presented in Fig. 1 . In the unit cell, the Hg atom lies on a two-fold axis of symmetry (the second half of the complex anion and the other counter cation requires the symmetry operation -x, y, -z + 1/2). The two crystallographically different SCN groups have very similar bond distances (Table II) . The nitrogen atoms from the two coordinated SCN groups participate in cyclic hydrogen bonds (Fig. 2) to the neighboring Haamp + (N1-H⋅⋅⋅N4b and N2-H⋅⋅⋅N4a hydrogen bonds in Table III ). These hydrogen bonds influence the geometry of the complex anion and the mutual orientation of the SCN ligands with an N4a⋅⋅⋅N4b distance of only 3.31 Å. A search of the Cambridge Structural Database 29 for all crystal structures possessing an Hg atom with two or more bonded SCN ligands revealed that none of 72 Hg compounds had such a short N⋅⋅⋅N distance (less than 3.5 Å) for two coordinated SCN groups as exists in the complex studied herein. Another consequence of the observed cyclic H-bonds is that the C7b--S1b-Hg angle is bent to a value of 95.8(1)°, which is rather different from the expected, much higher value. It is noteworthy that such a low value of the C-S-Hg angle is also quite rare in the above mentioned 72 crystal structures found in the CSD database, although the Hg atom has four equivalent ligands. The S-Hg-S coordination angles are also very deformed and have the values over a rather wide range, from 102.3 to 114.8° (Table II) . All this demonstrates the importance of intermolecular hydrogen bonds for the geometry of [Hg(SCN) 4 ] 2-and probably may be applied to similar tetrahedral molecules [ML 4 ] that form intermolecular interactions through coordinated SCN groups. In other words, the mutual orientation of the ligands and the coordination angles could be significantly deformed due to intermolecular hydrogen bonds. Fig. 1 . The molecular geometry and atom labeling scheme of (Haamp) 2 [Hg(SCN) 4 ]. The displacement ellipsoids are drawn at the 40 % probability level for non-H atoms.
(The second half of the complex anion and the other counter cation requires the symmetry operation -x, y, -z + 1/2). 108.00(7) S1a-C7a
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1.621(6) S1b-Hg-S1a 108.00(7) N4b-C7b 1.123(7) S1a i -Hg-S1a 102.31(7) All the non-hydrogen atoms in Haamp + are approximately coplanar, which is probably due to the delocalization of the π-electrons within the pyrazole ring and the weak π-bonding between the C2 and C3 atoms (the C2-C3 bond has a partial double bond character). Another reason for this could be the existence of an intramolecular N1-H1b⋅⋅⋅O1 hydrogen bond (Table III) , which favors the coplanar position of the C1-C2-O1 fragment to the rest of molecule. Quite similar molecular planarity, including the observed intramolecular N-H⋅⋅⋅O hydrogen bond, was observed in other crystal structures of metal(II) complexes with aamp. [14] [15] [16] 30 The crystal packing, shown in Fig. 2 , consists of two types of layers. Layer A is composed of Haamp + arranged in parallel tapes with a mutual distance between the tapes (Haamp + planes) of approximately 3.3 Å. Inside of the tapes, the cations are interconnected by strong N3-H3⋅⋅⋅O1 hydrogen bonds (Table III) . Layers A and A' are of the same composition and mutual orientation of the protonated ligands, but have an orthogonal orientation to each other. Layer B consists of [Hg(SCN) 4 ] 2-which interconnect the neighboring Haamp + from layers A and A' by strong N-H⋅⋅⋅N4 hydrogen bonds (Table III) . Consequently, each complex anion (through its terminal nitrogen atoms) participates in four relatively strong hydrogen bonds. Additionally, N4a forms another (weak) hydrogen bond, while the S1a atom participates in a very weak C-H⋅⋅⋅S hydrogen bond, which deserves to be noted because of its relatively short H⋅⋅⋅S distance (Table III) .
Crystal structure of [Zn(NCS) 2 (aamp) 2 ].
A tetrahedral arrangement, most common in Zn(II) complexes, is established by the coordination of two NCS groups and two monodentate pyrazole ligands, which are, like in the majority of other structures, coordinated in the neutral form (Fig. 3) . In contrast to the Hg(II) complex, where the thiocyanato groups are coordinated through the sulfur atom, the coordinating atoms in the Zn(II) complex are the nitrogens of the same group, which is in accordance with the Hard and Soft Acid and Base (HSAB) principle. 31, 32 However, the bond distances in the thiocyanato ligands are very similar in both complexes, with the S1-C7 bond being negligibly shorter in the Zn(II) complex than that in the Hg(II) complex. The N4-C7 bond lengths are practically the same in both compounds. Similarly to the Hg(II) complex, the coordination angles are significantly deformed and vary in the 104.6-114.1° range (Table II) . The widest angle, N4a-Zn-N4b, involve N atoms from the coordinated NCS groups. Despite the differences between the pyrazole derivatives in the two complexes, the analysis showed that the corresponding bond lengths are very similar (Table IV) . The greatest deviation was observed in the N2-N3 bond length, which is shorter in the Hg(II) complex. The conformation of aamp is also very similar in both compounds. Namely, it has the same planar form, supported by possible N1-H⋅⋅⋅O1 intramolecular hydrogen bonds (Table V) . It is interesting to note that the oxygen atom of the pyrazole moiety forms the same H-bonds in both complexes. In addition to the already mentioned N1-H⋅⋅⋅O1 intramolecular H-bond, O1 participates in intermolecular N3-H⋅⋅⋅O1 H-bonds with very similar geometric parameters (Tables III and V ). This is the strongest H-bond in the complexes, and it enables the chain formation, connecting the aamp molecules (Fig. 4) . In the Zn(II) complex, the chains are additionally connected via weak C-H⋅⋅⋅S hydrogen bonds (Table V) . 
Thermal data
The thermal decomposition of [Zn(NCS) 2 (aamp) 2 ] has already been descrybed. 17 The repeated measurements have confirmed the former findings. According to the completely different crystal and molecular structure of the Hg(II) complex, its decomposition pattern is also different. The thermal stability of the Hg(II) compound is significantly lower compared to that of the zinc(II) complex (onset temperatures: 150 and 240 °C, respectively) and TG curve is continuous in the whole temperature range. As all four thiocyanato N4 atoms form relatively strong H-bonds with the neighboring Haamp + , it is reasonable to expect the departure of two HNCS molecules at the first decomposition step, which would be in accordance, within the experimental error, with the mass loss to the first minimum in DTG curve: 12.9 % (calcd. 16.57 %). Namely, according to the HSAB principle the interactions between the soft Hg(II) acid and the soft sulfur atom of the SCN -base are remarkable. Therefore it is highly unlikely the loss of all four thicyanato groups at the same time. With the loss of two HSCN molecule the Hg(II) analogue of the Zn(II) complex with a tentative composition of Hg(NCS) 2 (aamp) 2 would be formed. The shape of the DTG curve may also support this proposition. However, it can be seen in Fig. 5 that the fragmentation of the organic part takes place simultaneously. The course of the decomposition is almost independent of the gas carrier up to 400 °C. Due to the high volatility of mercury, at higher temperatures, the oxidation of the organic fragments is ac- Fig. 5 . TG, DTG and DTA curves of the decomposition of (Haamp) 2 [Hg(SCN) 4 ] in air (-) and in nitrogen (--).
companied by the evaporation of the mercury. 33 As there is no stable intermediate formation in the measured temperature range, the course of the decomposition, especially at higher temperatures cannot be explained without additional EGD data. At about 700 °C the decomposition of the compound is accomplished without residue. The decomposition of Hg(II) complex begins with an endothermic peak in both gas carriers. An additional proof of the organic fragments evaporation is the different shape of DTA curves in air and nitrogen above 200 °C. In air, the DTA curve is asymmetric suggesting the occurrence of multiple processes and the decomposition is highly exothermic. The decomposition in nitrogen is accompanied with a very slightly endothermic process. Above 300 °C the decomposition in both atmospheres is exothermic in the measured range.
Crystallographic 
